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sky; the average excess for January, 1896, is 4.4 per cent for 
photographic records, and 4.5 per cent for thermometric rec- 
ords. The details are shown in the following table in which 
the stations are. arranged according to the greatest possible 
duration of sunshine, and not according to the nhserved dura- 
tion as heretofore. 
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ecords kept by both methods. 

48 44 
53 37 
4 0  35 
91 24 
37 35 
40 37 
34 3t 

ATMOSPRERIC ELECTRICITY. 
Numerical statistics relative to auroras and thunderstorms 

are given in  Table X, which shows the number of stations 
from which meteorological reports were received, and the 
number of such stations reporting thunderstorms ( T )  and 
auroras (A)  in  each State and on each day of the n~onth ,  re- 
spectively. 

The dates on which reports of thunderstorms for the whole 
country were most numerous were : 21st, 33 ; 22d, 35d ; 83d, 
45 ; 31st, 27. 

Thunderstorm reports were most numerous in Texas, 44 ; 
Florida, 33 ; California, 30 ; Louisiana, 2s  ; Alabama, 19 ; 
Georgia, 16 ; Mississippi, 15. 

Thunderstorms were most frequent in : Texas, 11 days; 
California, 8; Louisiana, 7 ; Florida and Mississippi, 5. 

Atcroras.-The evenings on which bright moonlight must 
have interfered with observations of faint auroras are assumed 
to be the four preceding and following the date of full 
moon, viz, from the 1st to  the 4th, and also the 25th to the 
31st: inclusive. On the remaining twenty days of this month 
102 reports were received, or an  average of about 5 per day. 
The dates on which the number of reports especially exceeded 
this average were: 3d, 71; 4th, 23; 5th, 21. 

Auroras were reported hy a large percentage of observers 
i n :  Maine, 126; New Hampshire, 77; North Dakota, 5.5; 
Minnesota, 27 ; Wisconsin, 26 ; New York, 20. 

Auroras were reported most frequently in : North Dakota, 
11 days; Montana, 10; Minnesota and Wisconsin, 9 ; hlaine, 
New Hampshire, and New York, 8. 

No thunderstorms were reported. 
Auroras were reported as follows : 2d, Charlottetown, Win- 

nipeg ; 3d, Quebec, Montreal, Rockliffe, Toronto, White River, 
Minnedosa, Prince Albert ; 4th, Rockliffe,Toronto,Whik River, 
Port Arthur, Winnipeg, Prince Albert; 5th, 6t. Andrewfi, 
Toronto, White River; 6th, Father Point, Quehec, Rlinnedosa ; 
8th, Minnedosa, Medicine H a t  ; 9th, Montreal ; loth, Bled- 
icine H a t ;  l l t h ,  Battleford ; 13th, Minnedosa ; 14th, Father 
Point, Minnedosa, Medicine Hat, Prince Albert; 15th, Father 
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Point, Port Arthur : 16th, Port Arthur, Minnedosa, Edmon- 
ton; 17th, St. Andrews, Minnedosa; 18th, Father Point, 
Minnedosa, Battleford : 19th, Quebec, Minnedosa, Edmon- 
ton ; 20th, Minnedosa ; 21st, Father Point, Medicine Hat  ; 
%th, Prince Albert : 29th, Medicine H a t ;  31st, Yarmout,h. 

INLAND NAVIGATION. 
The cxtrcnic atid arerage stogco of iontar in the rivers during 

the current month are given in Table VIII, from which it 
appears that  the vnly river that rose above the danger line 
was the Sacramento, a t  Red Bluff, on the 29th. 

I('E IN RIVERS AND HARBORs. 

The charts of depth of snow on the ground and thickness 
nf ice published weekly lly the Weather Bureau show that by 
hlondny, January 6, much ice had formed on the Great Lakes, 
the upper iliississippi and Riissoiiri rivers ; there was a gen- 
eral increase in thickness throughout the month and on 
Mondny, January 27, the thickness in inches was about as 
follolvs : 

llIi,~,~owi Riwr.--RIiles City, 16 ; Williston, 25.5 : Bismarck, 
30; Pierre, 19 ; Tankton, lb.5 : Sioux City, 15; Omaha, 10; 
Iiansas C'ity, 2.0. 

Jpi.--St. Paul, 17 ; La Crosse, 15 ; Dubuqne, 
Rcd Rirc,. of t h c  ATol-th .-illoorhead, 30. 

H u d s o ~  Rirw.-Albany, 11. 
Lake SiL~'c'ior.-Dnl~ith, 21.5 ; Pault Ste. Marie, 7. 
Lake lllichignt~.-Green Bay, 13 ; Milwaukee, 6 ; Chicago 

Lnkc Hfcron.-Alpena, 0.5 ; Port Huron, 8.0. 
S't. Clrrir Rircr.-Detroit, 12. 
Lnkc Eric.-Toledo, 4 ; Randusky, 4 ; C!leveland, 4 ; Erie. 

Lcrkc Ontario.-Oswego and Rochester, 4. 

10.5 ; Davenport, 9 ; Keokuk and Hannibal, 0. 

and Grand Haven, 0. 

7.5: Buffalo, 4. 

METEOROLOGY AND MAGNETISM. 
By Prof. FR.4N6 H. BIGELOW. 

It has been found expedient to make a further niodification 
in the presentation of the meteorological and magnetic data, 
showing the approximate synchronisms in the two types of 
elements, beginning with January, 1S96 This is in part due 
to the action of the vertical-force magnetometers a t  Wash- 
ington and Torunto, which are both affected by magnetic 
wavw from the neighboring trolley-line systems, and also, in 
part, to the improved operation of the new " magnet-watch," 
used as an integrator of work in the varying terrestrial mag- 
netic field. The encroachn~ent of trolleys into the neighbor- 
hood of oiir permanent inagnetic ohservatories causes great 
injury in this branch of science. There seems to be no way 
to cornpenpate this action without shntting off too much of 
the terrestrial tield by excessive damping, and in that case 
the variations are greatly obscured. Fortunately the hori- 
zontal components, from the bifilar and the cleclinometer, 
are much lefis disturbed, inasmuch as the magnetic lines in- 
duced by the trolleys enter the earth along the normal, or 
very nearly so. The synchronism of the horizontal compo- 
nents a t  Washington and Toronto continues to be valuable; 
hut in the vertical component the amplitudes derived from 
the data show very different sensitiveness, and the sequence 
of crests is also very irregular a t  times. This misfortune, 
falling upon our observatories, is to be deplored, hut it can 
not be avoided, unless by removal of the instruments to loca- 
tions far from all electric lines. In Sail Antonio, Tex., the 
same difficulty was encountered 3 miles from the trolley line, 
and i t  was found that. such disturbances could be detected 
for a distance of 20 miles. . Accordingly our cornputatmion 
has been modified by omitting d IT, dz, s, and a, all of which 
depend upon the 1-ertical force. 
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THE NEW MAGNET-WATCH INTEQRATOR. 
During the past two years some experiments have been in 

progress, looking to the perfecting of an apparatus which 
shall he simple to operate, inexpensive, and a t  the same time 
able to record the relative vnriatioiis in the exteriial terrestrial 
magnetic field with cunsiderable accuracy. It is now believed 
that we have such an instrument, and that the fundamriital 
principle upon which i t  is constructed is capable of important 
developnients. The Weather Bureau could adopt only that 
type of apparatus for general use a t  its stations which 
admitted of observations as simple as those of a lxmimrter 
or thermumeter. The expense of iiistalling nnd operating 
first-class niagiietic observatories makes i t  quite impractica- 
ble to coitsider a plan emhracing niore than three mag- 
netic stations. I t  will always he necessary. even with suc- 
cessful secondary apparatus, to have sonie primary olJserra- 
tories for the nieasnrenient of al~solute values, and for con- 
trol upon the values from the adupted secondary instruments. 
A pruper arrangement wr.ould he three first-class magnetic 
stations, one 111 the East, one in the Rliesissippi Valley and 
one on the northern Rocky RIountain Plateau, together with 
a magnet-watch intepratur a t  each of the telegraphing sta- 
tions of the service from which daily reports could be for- 
warded. In  this way the local conditiolis of the field could 
be studied. A t  preseiit, with cnne instrument a t  1Vashiilgton 
only, i t  is impussihle tu  do niorp than to indicate the fact that 
there is an important system of forces to he considered, which 
apparently have much to do with the huildiitg up nf weather 
conditions, especially in the northwest. A record of the mag- 
net-watch for Janiiary, 1896, is introduced in place o f  the 
data excluded on account of the imperfections of the vertical 
force observations. illy attention was first called to the pos- 
sibility of developing a iiew priiiciple for the measurement 
of the variaticms in the iiiteiisity of the terrestrial niagnrtic 
field hy Mr. F. H. Heme, Salt Lake City, Utah. He related 
that by accident his watch became heavily magnetized, and 
that its rate then varied from day t u  day through such wide 
ranges, that i t  attracted his attentiori aiid excited his interest 
to ohserve i t  carefully. A comparis~oii was made hy him with 
a well rpgulated chrvnometer. The daily losses or gains in 
seconds were tabulated and plotted as iirdinntrs on a haw 
whose unit of length was twenty-four hours. The resulting 
curve, or broken line, was found to have suficient similarity 
with the mean curve that I puI>lishecl in the MONTHLY WEATHER 
REVIEW for the normal intensity curve of the solar field, pre- 
sented to the earth with each synodic revolution of the siin 
on its axis, t(J induce him to send the record to the '\\'eather 
Bureau, with the request that  the subject he fully investigated. 

It seemed tlJ me  a t  thp time that the germ principle was 
correct, and might poesibly he utilized, if a suitable ap1)ar.o tus 
could be procured. Evidently such a ,mechanism can he rp- 
garded as a true integrator of work done in a varying mag- 
netic field, the wergy expended heing derived from two 
sources; first, the elastic or molecular energy of the watch 
spring, going out as a constant total every twenty-four honrP, 
or nearly so, corresponding to the perfection of the watch 
itself: secoiid, the vibrating impulse of the magtiptic field on 
the niagnet, which would in the course of twen ty-four hours 
amount t u  a certain numher of seconds, depending upon the 
strength of the field. If the niechanisni is good, then the 
variation in the numher of seconds, marked off by the watch, 
can he taken as a measure of the mean intensity of the field 
itself for the elapsed interval of time. By comparing the 
variations in the watch rate with the variations in the field 
as given by the magnetometers, the value of one second in 
dynes can he found. This value is not a vector quantity, as 
i t  lacks the directional element, but for the purposes in view 
by the Weather Bureau that  is not needed. 

Our efforts to perfect the apparatus can he briefly narrated. 

A watch was procured, magnetized by contact with a steel 
magnet, and i ta  record was found promising, hut not satis- 
factory. The form of the ordinary balance wheel, being such 
RS to bring the two poles hack nearly to the center, is es- 
treniely bad. The two nietals comprising the rim, with the 
conipensatiun weights, leaves little metal for the niagnetisni ; 
also the steel is too soft to retain pernianent magnetism. 
Much unrpliahility is therefore inherent in the common 
watch, and the performance was necessarily disappuinting. 

For the period of about a year, RIr. James P. Hall, of 
Brooklyn, N. Y., cooperated with me in a series of ohserva- 
tions on two similar watches, with the view of ascertaining 
whrther synchro~iisms o f  rate variation would be found in 
New York City and Washington, D. C.  IVe had a similar par- 
tial success, hut iiot enough to fer1 that the indications were 
reliable measures o f  the variations uf the magnetic field. 

Finally, I stated the case to Prof. Dr. Th. Edelmann, 
Munich, and he constructrd the modified watch-magnet, whose 
record i t  is proposed to puhlish as evidence that we have in 
hand a fruitful type of germ apparatus for niagnetic varia- 
tions, when the relative values for a given interval, and not 
the ahsolute values a t  certain epochs are required. The hal- 
mce wheel was removed from a Charmilles, Geiteva watch ; 
the spindle to the escap~meiit was lengthened to about 1s 
millimeters, with suitablr suppurt in the standard ; for the 
balance a hollow cylindrical magnet uf the same moment 
of inertia as the original wheel was substituted, length, 20 mm., 
diameter, 3 mm., thickness of steel, alwut + mni. There is 
no tenilwrature compensation : the cabe is nonmagnetic, also 
all the material except the chain and spriiigs. When run- 
ning, the watch is laid on a shelf which is midway hetween 
two vertical soft iron bars, 223 cm. long and 23 cm. in diameter, 
placed end 0x1, 4 cm. apart,, along the axis of the bars. The 
effect is to cause the vibrations of the magnet tu pass a t  
right angles to a field induced by the earth's field, and vary- 
ing in intensity with it. The iron bars cuncentrate the es- 
ternal field and give it a constant direction a t  the magnet. 
The watch is wuu~id  twice daily, a t  8 a. m. and 8 p. m. The 
staiidard time is obtained from the ntionday signals of  the 
U .  S .  Naval Oljservatory, and an accurate comparison of the 
watch is made. The January record is found on Chart 1'. 
The first curve gives the relative variations of the horizontal 
component of the earth's magnetic field, as determined at  
Washington and Turonto ; the second, the variatioiis in the 
rate of the magnet watch; the third, the variations in the 
pressure for the stations in North Dakota and South Dakota, 
and  Canada, as explainrd in the 3fONTHLY WEATHER RE- 
VIEW, January 1595, page 7 :  the fourth, the variations of 
temperature in the same locality. 

Making a comparison of these curves, as heretofore de- 
scribed, we infer that i t  is the synchronism in the minor 
crests that is apparently due to the niagnetic field, the longer 
curvatures heing more properly attributed to the convectional 
meteorological system. I n  the watch curve, the slope is ap- 
proximately eliminated by the method of plotting the daily 
gains and losses on a zero line. The watch does, however, 
record long-range variations, since, by extending our inspec- 
tion to the record of the subsequent February, March, and 
April, i t  ig  found that its hnur hand has retreated to ahout 
llh.40m. for noon, and advanced again to 12h. OOm. This 
movement has occurred several tinies in addition to the sys- 
tem of minor flnctnations that appear on curve No. 2. The 
rate of the watch is occasionally decidedly changed in 24 
 hour^, since about 300 seconds may he gained or lost on the 
normal r u n  in a single day, and snialler values are also re- 
corded for other days. The most promising feature of the 
experiment is this large measurable quautity which may ulti- 
mately he of much service in determining latent weather 
forces. 
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iiicrfrrsetl solns. o r i t p i t  g i v e  h igher arctic presszts.cx niitl lower 
teniyernt~tres.  Extending this backward to geological periods, 
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ininor curvatures, i t  is easily discovered that such a systeui 
of forces as descrilml is constantly a t  work upon the atinos- 
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When all these curves are compared among themselves, the 
general relations of the magnetic and meteorological forces 
can he defined. The data of the horizontal component, shown 
in curve No. 1, Chart V, is that which evaluates the changes 
in  the intensity of the resnltan t of the combined terrestrial 
and solar inagnetic fields. Now, according to my concep- 
tion of the fundamental phenomena, these changes are due 
to  certain equivalent solar impressed forces, which I call 
polar and equatorial radiatiuns, and which are equal to 
the residuals given in curve No. 1, on Chart V, but with w- 
versed s i p .  Hence we have the lam that  an i ) i c w r m  i l l  t h e  
i?itensit?y of the  solrrr iiiagnetic output. approaching the earth 
from tlie north to the south side of the ecliptic. cnrrespnndq 
( 1 )  to an i)icrcuse i i i  t h e  wiarch qf t h e  wtrtch m t e ,  the magnetic 
field being stronger; ( 2 )  to ail iiicrecise it1 the  b t l r O t W t i - i C  pres- 

intensity of tlie sun's polar magnetic field. They are then 
caught up in the earth's convectional system and transported 
eastward in the northern or the southern circuits. The run- 
ning down of these highs, rider gravitation, produces a sys- 
tem of lows, with cyclonic movemen tu, on their periphery, or 
Iietween two adjacent highs with cuunterflowiag currents in 
the lower strata of air. Similar functioiis may, to a much 
sinaller estent, be attributed to the tropical highs, but the 
agency of the solar equatorial field obscures this operation, 
escept, perhaps, in the case of hurricaiies, considered as a 
l~henomenvn einlxacing many years. In  order to success- 
fully trace tlicse functii)ns throughout the globe, our knowl- 
edge iiiiist be much increased. Even in the northwest. where 
thg operation . . of -I the polar " .  field is pronounced, . ~ the' _. inter- . . .. 
L " L L ' ~ " " 6  "l "AI" \ II""v- -,1 UI." y"'u' U L l U  c . y L L L u L I c r I I u I  I U U I c b L I " L l P  

sure of f h 4  utmobj,hew,' especially in the arctic and the -sill)- I cawes much looseness of synchronism. The intermittent 
tropical magnetic belts ; and ( 3 )  to a t l f r w u s e  i t i  the  tenipcrct- 1 nature of the rate of the eastward drift is the chief factor in 

CLIMATE AND CROP SERVICE. 
By J A M E ~  BERRY, Chief of Climate and Crop Service Division. 

The following estracts in regard to the general n entlirr 
conditinns in the several States and Territories are taken 
froin the mnntlily reports o f  the rpspective services. 

Snnwfall and rainfall are expressed in inches. 
AZtcbo/im.-The most nnticealde characteristics o f  tlie climatic condi- 

tioua for the  month were a rerpgenersl :mil severe cold wave from the 
:kl to Gth, which spreatl over tlie entire State, giviug freezing teiiipera- 
ture as far south as t h e  (inlf  Coast. The mean temperature was 44.1°, 
or 1 . 2 O  abnve the  nornial. The highest, ;So, was recorcleil a t  Tusca- 
luosa on the  31st, ancl  the  lowest, 9O, at Decatur on t h e  4th. Tlie aver- 
age precipitation was 4.25, or 1.11 less than normal. The  greatest 
niunthlg amount was 5.71, at Healing Springs, and the least, 1.77, at 
Daphne. 

A~izo~iic.-The niean temperatiire was d7.io, or about So abuve nur- 
xnal. Tlie highest, 9U0, a t  Rfaricopa, and the  lowest, 4 O ,  at Flagstaff. 
The average lirecipitation was O.?i5, or about 0.44 lielow nurmal. Tlie 
greatest aniount was B.clO,at Heyinert, ani1 t h e  lend, O.O[l, at  San Simon 
ant1 Texas llill. 

mta.-The mean temperature W R Y  41.4O. or 3.2" a l ~ ~ v e  niirmal. 
The highest was :So, a t  Elon on the 31st, ant1 the  lowest, 4', a t  La 
C'roase on the  4th. The average preciliitation was 4.09. nr norm:d. 
The heaviest falls were reported from tlie rentral parts of the  State, 
and the  lightest were generally in the  extreme nurthern iiiirtiuii. The 
greatest amuunt was 6.94 a t  Chmden, and the  Ivmt, 1 2 ,  at Darilanelle. 
There were about .io per Cent inure cloudy days than ilsual. 

(ScZ[forrth.-The mean temperature was 5O0, or 4.4O abiive nornial. 
Tlie highest \%as 1 1 ' 7 O ,  a t  Salton, in the desert ieuion, on tlie Zlht, nihl 
the  lonest, So below zero, a t  BIJCI on tlie 2211. The n\ernge precipita- 
tiun was 8.45, or 3.93 abnve norinal. The greatest niontlily arnuiint 
was 45.17, a t  Lagunitas, (i miles f rom San Rafael, BIarin ('niinty, ani1 
the least, "trace," a t  Barstow, in  the desert region uf Sail Bernarilino 

C'oZonuto.-The month was uniisiially warm over t h e  entire State. 
Coinliarison with the  norinal shows that  there \\as an airrage exces~  
cif a1JIJUt 5' daily in  tlie western counties and the  San Luih T'nlley, and 
frnin Y o  to 10° over the inuuntain districts ancl the eastern M I J ~ J ~ .  The 
highest temperature was 75", at Uiianing on the  5th, a n i 1  neai 
Crook, Logan C'ounty, on the  18th ; the  lowest, 24' beli~w zero, at (+nn- 
nisnn on the  5th. Tlie average precipitation mas U.Sl, or (1.12 IJeluw 
normal. The greatest niuntlily amount was i.69, at Ruliy, C+imnison 
('ountv, ani1 the  least, " trace," a t  Byers, Arapnlioe ('uiinty. 

or 4.5" Iirli~a normal. 
The higliebt was 93O, a t  T a m p  on the  :3i)th, and the  lunest, Z O O ,  at 
Milton on the  5th. The average precipitatiiin was 3.96, or U.--):i above 
normal. The greatest monthly amount wa4 S.Ul, at New hmyrna, anal 

Cuunty. 

E"lo&a.-The mean temperature was 

t h e  least, 0.45, at  Lernun City. Several severe cold waves pasbed over 
the State ; the  ninbt  severe one reached the State ciii the  night of the 
4th, ant1 it.: iiitliience mas felt on tlie 7th :IS far south as Jupiter. 

Georyitt.--Tlie iilean tvmperature xvaq 44.4O, uraboiit 1 .!lo ab1 lve Ii(JrUia1. 
The Iii#lrest n a s  ;>', a t  Puul:in un the  :X)tli, anal the  lowest, So, at Dia- 
1111Jlld u n  the  4th. The averiige precipitation was 4.11, or alJl>nt ~. i ! j  
less than the noriual. The greatest miinthly aiuount nas  6.47, at 
\Vhitesl)urg, ant1 the  lea4, ?.ii, a t  R:tmsey. The month \vas generally 
milt1  ani1 Idrasant. 

ItZdw.-Tlie mean temperature \\as '77.C'. The highest temperature 
\\-as el0, at  Lewiston uii the  2Ttl1, anal the  ltu\+est, 25' belua zero, at 

The first half of. the  montli t h e  usual January 
emperatiire Iirevailed, liut with the  15th came a 
* n inc l~  which iuisell the te~i1JeratLiir above uor- 

m:il :ind gave everything a spring-like appearance : in iiianv places 
pluwing W:IS begun. The mean daily temperature for tlie "last tno 
\\eeks was I 2 O  higher than that i i f  tlie fir+t half. The alerage precip- 
it:ition \vas 2.02 ; the  grentert aintinnt nas ;.S?, at Svlllier, and tlie least, 
11.07, at  J i i i l~at im.  From the  14th tli the "1st lainfall mas general and 
greatly aliux e nurninl. Mr. Frank A(laniq, ~ I J w ~ w ~  a t  SaluLria, says : 
'' For sex era1 days this nionth this section w:ts vi+ite(l ~ J J -  the  heaviest 
an11 most const:int (Iownpiiurr of r'iin that Iinve e\ er occnrrell within 
tlie memory of the  oldest inhaliitnnt ( i f  this valley; trnvel o f  all kinds 
n'is suq>enaled for 48 Iitiiirz. The heavy rise uf w:ttrr CIII the  ZUth 
cnoqetl the low lancl~ to l i e  alwit five feet ungler water, doing cmsid- 
elable alninape, nabhing out sin r r sen  oirq ani1 three bridges, and SIJlJil- 
ing n c~lnsiiierable aliiolllit of hay throughout this sectiun uf the 
1-i lulltry. ' 

* [ NoTE.-The wnrd "chinook " is now used in Idaho to 
(lwigiiatr any M arm wind, including warm snutliwest rain 
rvi i ids;  but such usage is contrary to meteornloqical snthur- 
ity, and will not be aclnpted in the RfoNTHLV \YEATHER RE- 
VIEW.  An indiscriminate use of this W J ~ C I  h n s  also sprung 
up in the Mississippi Vnllcy. The trchuical usage of 1x0- 
frs~ i i inal  nietrnrnlogy is the only oiie that can he a l low~d in 

the tern1 " chinook " wi l l  only lit. applird to those \rinds that 
can be distioctly lirrwii to be warm, dry, descending winds, 
and as the term " ftrhn " has not yet heen niisnppliecl by 
American newspaper usage, that  word will be preferred. We 
can nnt have an exact sciriice of nieteorologp nnless our words 
have an exact signification and are ueed with precision.--C;. A.]  
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